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The first position examined for linkage to protein was the 8-position of
the trichothecene molecule, Following a published procedure, anguidine was
converted to its 88 alcohol)analog by treatment with selentium dioxide.

Further oxidation with pyridinium chlorochromate yielded the unsaturated 8-
ketone. This ketone was readily converted to its oximino acetic acid analog
and coupled to protein by g mixed anhydride procedure. The bovine serum albu-
min (BSA) conjugate yieldeéd an incorporation of 25 trichothecene units per
molecule of protein and the bovine thyroglobulin (BTg) conjugate yiel'ded
80 units of trichother€ne per molecule of protein. These two conjugates were
used t:’;gggg}z.'f55G§ts. Ant{-T-2 toxin activity in the sera was demon-
strated”in an enzyme immunoassay (EIA). Selected sera have been analyzed in a
compétitive inhibition radioimmunoassay (CIR{A) to detarmine crossreactivities
for 2 toxin and related trichothecenes. *

wo simple syntheses of T-2 toxin from readily available anguidine were
developed., Use of 3-methyl-3-butenoic acid instead of isovaleric acid in this.
sequence f ed by lclectlve reduction with tritium gas has providod a meéans
of preparing radiolabele XTI Wi igh specific activity.

After numerous unsuccessful atte;:::%ﬂgpe synthesis of the 4-keto analog
of HT-2 toxin was achieveds All attempts fNintroduce the. oximino acetic acid
mojety at this position were unsuccessful.. The synthesis of the 3-hemisucci-
nate of HT-2 toxin was acgbmplished in two simple steps, and it was coupled to
BSA by the mixed anhydride procedure. An incorporation ratio of 19 moles of
haptén per mole of BSA vas abtained. This conjugate will be used to immunize
rabbits. . .
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Summary
Antibodies with narrow structural requirements for binding are ueeful in
specific assays. Antibodies which bind a variety of structurally related
co—pounds could be used in detection of classes of compounds. Therefore, we
have started explorlné the relationship between immunogen (hapten) structure
and the selectivity of resulting aptlbodies to various of the trichothecenes.
We are synthesizing immunogens, using them to immunize rabbits and examining
the polyclonal sera for their selectivity for various triphothecene compounds
before attempting to prepare lonocLonal antibodies. |
The first position examined for linkage to protein was the 8-position of
the trichofhecene molecule. Pollowing a published procedure, we converted
anguidine (A-1) to the 8y alcohol A-2 by treatment with selenium dioxide.

The alcohol was further oxidized with pyridinius chlorochromate to the unsatu-

" rated ketone A-3. " The ketone was readily converted to its oximino acetic acid

analog A-4 and coupled to protein by a mixed anhydride‘proccdure. The bovine
serum albumin (BSA) conjugate yielded an 1ncorporatioﬁ of 25 trichothecene.
units per molecule of protein and the bovine thyroglobulin (BTg) conjug&te
yielded 80 units of trichothecene per mo'ecule of protein. These two conju-
gates were used tov!-lunize rabbits. Anti-T-2 toxin activity in the sera was
demonstrated in an enzyme 1-nunoassay'(EIA). Selected sera have been anaiyzed
in a competitive inhibition radioimmunoassay (CIRIA) to determine crossreac-
tivities for T-2 toxin and re&ated trichothecenes.

During Fhis report period we have daveloped two nllplq syntheses of T-2 -
toxin (A-12) from readily available anguidine (A-1). Use of 3-wethyl-3-bute-
noic acid instead of isovaleric acid in this sequence followed by selective
reduction with tritium gas has provided a means of preparing radiolabeled T-2

toxin with high specific activity.
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After numerous unsuccessful attempts, the synthesis of the é-keto analog
of HT-2 toxin (H-7) was achxeved. Unfortunately, al. atteapts to introduce
the oximino acetic acid mojety at this position were unsucceuriu. The syn-
thesis of the 4-hemisuccinate I-3 from HT-2 toxin (I-1) was accon.plish.ed in
two simple steps and 1-3 was coupled‘ to BSA by ite miked anhydride procedure.
An incqrporation ratio of 19 moles ﬁf hapten per mole of QSA was obtained.

This conjugate will be used to immunize rabbits.
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Foreword

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care @nd Use aof Liboratory Animals,"” prepared by
the Committee on Care and Use of Laboratory Animals of the Institute of Labo-
raiory Animal Resources, National Research Council [DHEW Publication No. (NIH)

78-23, Revised 1978].
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1.0 Background

The object of this work is to prepare £be necessary immunogens and use
thea to generate pﬁlyclonal and lonoclonql antlbodigs to the class of tri-
cothecane toxins, CIans—upecific antisera rather than compound-specific anti-
sera are ;he goal. The pﬁrpose is to pfovlde antisera which could be used to
detect thio class of compounds at low enouzh‘concentrations to periit protéc—
tive reaction or to deter=!ae the safety of the environment after decontamina-
tion procedures are undertaken in a chesical warfare situation.

The trichothecane molecules are too small to be immunogenic per se, but
. must first be linked tﬂ a large molecule (carrier) puch as a protein by a
covalent bond. The resulting conjugate will then stimulate antibodies capable
of binding the trichothecane (the ligand).' Thelabillty ¢! the antisera to
discrinlnatc'anong ;1nilar molecules (entibody selectivity) is very much
inf]uencéd by the position and properties of the group which links the small
molecuie (the hapten) to the carrier. Most of the work in this area is oased
on the pioneering studies of Landsteiner (1962) who showed that in general an
antibody is most selective for those portions of the hapten which are not
directly involved in the link to the carrier.

The affinity of an antlbod& for the ligand (antigen) is of considerable
importance in developing an immuncassay proceddre. since the sensitivit& of
the analytical method is dependent, among other things, upon the antibcdy
affinity constant. Hydrophobic and hydrophillc‘interhctfo;a between antibody
and ligand contribute to this affinity as do the presence of electrically
charged groups and 7 electron interactions. The greater the resemblance
between thé hapten used for {mmunfization and the molecule to be analyzed. the

higher the affinity that can be expected fo the antibody.
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2.0 Ratfonale for the Proposed Work .

-In order to achieve high antibody selccti#ity (that is to obtain anfi-
bodies which can discrizinate well among similar molecules), one normally
pquitions the linkage between hapten and carrier on a portion oflthe molecule
which remains {nvariant among the differing substances which may interact with
the antibody. To obtain antibody selectivity only for a group of compounds

_rather than a single member of that group. the prlnclples'dlscussed would
‘dictate that the link from hapten to carrier should be in a recion of a hapten
lolecu{e which varies within the lerlén. Functional groups and structuial
features which are<es-ent1ai1y fnvariant among the series should be left frce
80 that they can contribute maximally to enhancement ot'antlbody affinit,.

Application of thesé precepts to the.trichothecane series leads to the
following conclustony; |

(1) The s-ﬂydroxyl group wﬁich'ln a common feature of this series should
be left free.l

(2) The epoxide structure, which is éoniun to ;ll of the tr!chothecaneg.
should also be left'untouched.

(3) It has been our experience that "leaving a hole" in the ancibody

binding site is less disruptive of binding than is trying to insert a group

which 1s bulkier thar that found in th? habten. Thus the bulkier zfoup should Lg‘
be left in the molecule if there la'a choice (for cxample leave the 4-acetoxy Eﬁs
group of T-2 toxin in preference to a 4-hydroxy érogp of HT-2 toxin). | agﬁ
(4) A position in the mojecule where variation occurs among the zeries %gg
‘-jght be convertéd to a structure a]lghtiy at varfance with all of the com- ‘¢Sﬁ

pounds of interest. This would probably reduce overall affinity but may

&

N
>

result in a more uniform binding across the series of coapounds.
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Using these concepts. we have begun to cxamine the influence of hapten

atructure'on antibody selectivity in the tricothecanes.
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3.0 | Trichothecane Analog Synthesis (Chart A)

3.1 48,15-Diacetoxy-3a-hydroxyscirpen-8- 0-carboxxlethgl[oxqu_l‘;il

The hydroxylation of anguidine (A-1, see Chart A) proceeded smoothly as
reparted (Kaneko et al., 1982) by reaction with selenium dioxide in refluxing
aqu]ous dioxane to give A-2 in 57X yield as crystals after silica gel chroma-
tography. Oxidstion vas effected using pyridinium chlorochromate and sodiua
acetate in methylene chloride to give A-3 in 88X yield as a foam, after silica

gel chromatography. The reported ketone (Kaneko et al., 1982) was character-

fzed by TLC, GLC, and NMR and dotermined to be pure despite the failure to .

obtain crystals. Treatment of'5;§ with carboxymethoxyamine hemihydrochloride
in qhydrous pyridine for 40 h at 35°C gave the cxime acid A-4 in 45% §leld.
after silica gel chromatography, as a foaa. The physical properties (IR, NMR
and MS) of A-4 were consistent with the assigned structure. The oxime acid A-
4 wa éoupled with bovine serum albumin (BSA) and bovine thyroglobulin (BTg)
(vi infra). Stability of the acid A-4 (e.g.,. opo*lde cleavige, hydrolysis,
etc.)) to the reaction condit]ons requjfed for conjugation was determined by
reacting the mixed anhydride obtained from isobutyl chlouroformate with ethyl

anlnp to give A-5.

3.2 | 48,15-Diacetoxy-8a-isovaleryloxyscirpen-3a-ol (T-2 toxin, A-12)

‘The synthesis of haptens based on link at C-4 required T-2 toxin (A-12)
as the starting aaterfal. Although T-2 toxin is commercially available, it ia
rather expensive. We are happy to report that during this work we have devel-
oped| two simple syntheses of T-2 toxin from anguidine.

The synthesis of T-2 toxin (A-12) frcm anguidine (A-!} requires the

introduction of an a-OH function at C-8 and acylation with isovaleric acid.
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CHART A

Structures of Tricothecanes

" Compound R

| \ Ry R, X Y z
o1  Ac Ac OH K B
2 Ac Ac OH oH B
: 3 Ac Ac OH -0-
| 4 Ac Ac OH =N-0-CH,,~COOH
; 5 Ac e om | =NOCH, CONHE'
' 6 Ac Ac " OTHP H H
7. Ac Ac . OTHP OH H
8 Ac Ac o - -0-
ki Ac Ac omf H oy
10 Ac CAc o . H o
1 Ac Ac omp H  0-iVal

12 Ac Ac OH 'H 0-iVal
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It was felt that the 3-0OH ﬁonltlon should be protected as 3 THP ether in order
to selectively functionalize the C-BIDOIItlon. Thus, anguidine (A-1) was
treated with dihydropyran and a catalytic amount of tosic acid in tetrahydro-
furan to give A-8 as an o0il. No attempt at purification was made at this

point. The THP ether A-6 was hydroxylated as described above with selenium

dioxide to give A-7 as an orange oil in (10X y.eld from A-1. Thirs material was -

chi..-acterized by NMR and determined to be -¢ 95X purity by TLC and GLC.

It has been reported (Kanekz et ai.. 1982) that the diisobutyl-aluminium’
hydride reduction of the 8-keto compound A-3 gives predominantly the 8a-OH
isomer A-10. Thus, A-7 was oxidized as described above with pyridinium
chlorochromate and sodium acetate in methylene chloride to give A-8 in 72%
yield after sllléa gel chromatography. . However, lheh the diisobutyl-aluminium
hydride reduction was cﬁrried out with A-8, the major product was determined
by GLC analysis to be A-7 instead of the desired A-9 ln.a ratio of 2:1. This
was further confirmed by cleaving the.THP ether with dilute hydrochloric acid
in methanol to give a mixture of A-2 and A-10 in the same¢ ratio as before.

The isomers A-7 and A-9 were al-é found to be homogeneous by silica gel TLC in
various solvent systems.

Therefore, an alternate approach for the inveraioh of stereuchellst}y at
'|C-8 was explored. In this approach A-7 was treated with trlphenylphoéphine.
isovalerlc acid, and diethyl azodicarboxylate (Bose et al., 1873) in tetrahy-
drofuran to give exclusively the 8a-isovalerate ester A-11 In moderate yields
{54% based on recovered A-7) after silica gel chromatography. The material
was characterized by TLC, GLC, and NMR and determined to be of 95% purity.

Its structure was further confirmed by the cleavage of the THP ether with

pyridinfum tosylate in 95X ethanol at reflux for 1 h to give the known T-2

-
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~ toxin (A-12); m.p. 145-148°, reported (Bamburg et al., 1968) 150-151°, This

product was found to be identical with an authentic ssmple of T-2 toxlp by TLC
and GLC.

After the Ec-pletion of the above synthesis, it was discovered that the
inversion of stereocheaistry at C-8 can be ncco‘a)lthed by the procedure of
Bose et al. (1973) withoﬁt protection of the Sydroxyl function at C-3. Thus,
treatment orlg;g with triﬁhenylphoaphlne. diethyl azodicarboxylate and iso-

valeric acid gave the T-2 toxin (A-12) in 40% yield.

3.3 ggils—Diacetoxy—aa;Ljs.4-’"2llsovalerxloxxlacirpgn-Sa-ol(Tritlited -2
toxin. B-3, Chart B) | - -

| It was possible to accomplish the oyhthetin of the high specific activity
*ritiated T-2 toxin (B-3) by eiplo?lng 3--e£hyl-3-butenolé acid in the above
sequence. Thus, B-1 (obtaihed by the SeO2 oxldatlﬁn of anguidine) was con-
verted to the olefin B-2 (Chart B)'ln 40% yleid using trlphbnylphd:phtne.
diethylazodicarboxylate and 3-methyl-3-butenoic acid. The physical properties
(IR, NMR and HRMS) of B-2 were consistent nith the assigned structﬁro.

' The tritiation atep waaiinltxally studied usinz hydrogen gas instead of
tritium zin. and subsequent analysis of the productbeIZSO MHz ]ﬂ NMR. When
5% Pd/C was elbloyed as the catalyst, the trisubstituted double bond at C-9
was also reduced along with the terminal double bond in the side chain. For-
tunatgly. when B-2 was stirred overnight with "2 in the presence Sf tris(tri-
phenylphosplne)rhndl?l {1) chloride in toluene, only T-2 toxin was isolated,
completely {rée from either starting material or the over-reduced product.
Thus; the tritiation was carriéd out on 20 mg of B-2 in the presence of 5 Ci

of tritium gas and tris(triphenylphosphine)rhodium (1) chloride in toluene

CYUEBS L L M SN 08NN xxuum‘-:x_m WA A e N SR 2D S . S SR R
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CHART B
Synthesis of Tritiated I-2 Toxin

3

' 9
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b) 3H

[(C6H5)3P}3RhC1
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overnight. Subsrquent purification by PTLC eluted with 2:1 ethyl acetate in
hexanes yielded 13.2 mg of tritiated T-2 toxin (B-3) with a npeclflc nctivify
of 34.3 Ci/mmol.| This material was diluted to one liter in toluene and stored
in the refrigerator. Analysis of TLC (s;llca gel, 2:1 ethyl acetate in hex-
anes) indicates the compound toc be stable under these conditions for it least

a month.

3.4 3u~81droxx-ég-1aovalerxloxy-ls-acetoxzucirgen-4-one (H-7)

After having developed a convenient two-step syuthesis of T-2 toxln‘fpon
enguidine, we had planned to e-pioy ihe sane substrate for the synthesis of
haptens for llnklge at C-4. It was hoped to effect the selective removal of
the acetate funticns without affecting the isovalerate moiety. However, uhgn
T-2 toxin was treated ylth a catalytic amount of sodium methoxide in anhydcous
methanol, the isovalerate lunctlohulity was also cleaved in addition to the
acetates. Therefore, we explored alternate routes (Charts C-H) to the syn-
thesis of haptens based on linkage at C-4. All the routes are based on selec-
tive protection-deprotection methcdology. The first five approaches (Charts
C-G) were unsuccessful. The sixth route yielded the desired 4-keto derivative
of T-2 toxin. i

The first aéproach. as shown in Chart C, involved the introduction of a
8-hydroxy group lt'c—a by the selenium dioxide oxidation of the known THP‘
ether of'angu!dlne (Kaneko, et al)., 1982) as described before (Table A). The
next step was to protect the 88-hydroxy group as a t-butyldimetkylsilyl ether.
Attempted silylation of the 8B8-hydroxy function with t-butyldimethylsilyl
chloride lh the pcesence of {midazole was unaﬁccens?ul. However, the silyl

etber could be obtained in excellent yields when the corresponding triflate
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Chart C

First Attempted Synthesis of 4-Keto Analog of T-2 Toxin

Alis
1
HO
Sc‘)‘2
t~Butyldimethyvlsilyl triflate (Corev,
OH~
AcCl, Et.N

3
Pyridinium chlorochromate

4+ -
BuaN F

t
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was olployed in the reaction (cf. Corey ;t al., 1981). 1t was then planned to
convert tﬁll lntorledlafe to the C-kpto compound C-2 py a series of standard
trannforlatlona.‘ All of these reactions proceeded u-o;thly. However, when
the cleavaye of the silyl ether was attespted with tetrabutylammonium fluoride
:ln anhydrous tetrahydrofuran to obtain C-3, extensive decomposition was
observed.

A modification of this approach is shown in Chart D. Instead of prqtect-
ing the 88-hydroxy group as a silyl ether, it was hoped that the C-8 hydroxy
| group, Seing allyli:, would be more reactive than the hindered C-4 hydroxy
group, and therefore selective introduction of a formate ester at C-8 should
be possible. This subsequently cuuld be removed nelectivély under ver& mild
conditions without affecting the primary acetate function at C-15. Unfortu-
nately.\the conversion of D-2 to D-3 using acetic—for;lc anhydride was not
clean and therefore this approach was also abandoned. |

Another approach is shown in Chart E. The silyl ether at C-4 was pre-
pared in gcod yields, followinZ a series of standard transformations. How-
ever, when hydroxylli!on qith selenium dioxide was attempted, very poor yields
were encountered. Apparently hydroxylation at C-8 is very sensitive to the
{unctiona)lty at C-4. Thiuiapprulch was theiefore abandoned.

An&ther'approach is shown in Chart P. Instead of using a protection-
deprotection ;che-e as employed in thé earlier approaches, the C-4 hydroxy
{unétlonallty was smoothly oxidized to give the corresponding ketone, PF-2,
Sefore'the introduction of the C-8 8-hydroxy group. However, when hydroxyla-
tion of P-2 ulth.nelenlun diox{de was attempted, very poor yields along with
extensive decomposition were encountered, probably due to the presence of

ketone at C-4. Therefore, this approach was alao abandoned.

Loy
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Chart D
Second Attempted Synthesis of 4-Keto Analog of T-2 Toxin
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Chart T
Third Attempted Synthesis of 4-Keto Analog of T-2 Toxin
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Chart F
Fourth Attempted Synthesis of 4-Keto Analog of T-2 Toxin
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Another approach involving the use of a silyl ether as a protecting group
is shown in Chart G. The THP ether of anguidine (G-1) was converted to the
protected intermediate G-2 by & series of standard transforamations a-c¢. Thus,
G-1 was subjected *u seleniux dioxide hydroxylation to give the 8B8-hydroxy
compound. The stereochemistry at C-8 was lnvertéd. as discussed above, using
ériphenylphosﬁhlne. diethyl azodicarboxylate (DEAD) and formic acid (cf. Bpie.
et al., 1973). This intermediate was then subjected to hydrolysis using
aqueous sodium bicarbonate in refluxing methanol to yield the naturally occur-
ring trichothecane, solaniol (Ishii, et al., 1971). This compound was then
protected as a t-butyldimethylsilyl ether before the llkallnejhydrolyala of
the diacetates to give G-2. However, we were unable to selectively re-acety-
late the prf-ary alcoho]l at C~15 in preference to the sncondary alcohol at C-
4. Upon examination of a model of G-2, it became apparent that, with the ‘
introduction of the silyl group at C-8, the C-1% alcohol is very hlnder?d. and
hencc the']ack of selectivity. Therefore, this approach was abardoned.

The successful approach to the synthesis of a T-2 toxin analog with a 4-
keto functionality is outlined in Chart H. This procedure is a modification
of the previous scheme. The THP ether of anguidine, H-1, was subjected to
basic hydrolysis to give H-2 which upon re;icetylation using acetyl chloride
and triethylamine in methylene chloride yielded H-3. These two steps pro-
ceeded in essentially quintltntlve yields. ‘Tﬂe intermediate H-3 was then
subjected to selenfum dioxide hyd;oxylation to give the 48, 88 diol H-4 in 52%
yield. This compound was then successfully treated with diethyl azodicarboxy-
late, triphenylphosphine and isovaleric acid in anhydrous tetrahydrofuran to
give exclusively the isovalerate ester H-3 in 43% yield. The ester H-5 was

then subjected to pyridinium chlorochromate oxidation to give H-6 which upon
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Chart G
Fifth Attempted Syntheais of 4-Leto Analog of T-2 Toxin
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’ Chart H
Successful Synthesis of 4-Keto Analog of T-2 Toxin
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treatsent with a catalytic amount of pyridinium tosylate in rofleing 93%

aqueous ethanol to give the 4-ke*one H-7 in 73% yleld.

A small amount (10 mg) of H-7 was treated with carboxymetho
hydrochloride in anhydrous pyridine for 40 h at 35°C. An examination of the
reaction mixture by TLC indicated that al) of the starting materi 1; 5;1. was
consumed; and & major product (50%), slightly more polar than H-7, was iso-
iated. It appears that under these conditions, epimerization of kthe C-3 a-
hyd}oxy group to the C-3 B-position is taking place. When this reaction was
repeated while retaining the THP ether at C-3 (lnltho hope that this would
prevent the observed side reactions) oniy unchanged starting material H-6 was
isolated. Neither increasing the reaction te-psrntufe to 100°C nor adding a
catalytic amount of N;N-dl-ethylanlnopyridlne produced the desired oxime gcld.
A final attempt to prepare the oxime under acidic conditloﬁl using carboxy-
methoxyamine hemihydrochloride in refluxing toluene under azeotro lé reaoval
of water resulted in extensive decomposition. It was coiucluded that the 4-

ketone is too hindered to undergo a reaction to the oxime, and thus this prep-

aration was abandoned.

3.5 15-Acetoxy-3a,64B8-dihydroxy-8a-isovaleryloxyscirpen, 4-hemisuccinate (J-3)

The syr.thesis of the hapten decived from HT-2 toxin is shown in Char* I.
‘The reaction of the 3-THP mther of HT-2 toxin (I-1) with succinic/anhydride in
pyriqlne proceeded smoochly ‘n 70% yield to give the hemisuccinate 1-2. The
THP ether was cleaved by pyridinium tosyiate in refluxing EtOH to| give the
hemisuccinate derivative of HT-2 toxin (lig) as a.solld in 51% yield, after
silica gel chromatography. The physical properties (IR, NMR, and MS) were

contistent with the assigned structure. The hemfsuccinate was coupled with

e ¥
2,

.

"l
S
ol

.
.
rb
r
#
¢
¢




" %unaa t1o000ng-1 nfaa (o
. o . . HO3 2$6 ‘HOSI - dUTPTadd (g
) dVHa ‘auipriAd *apjapdyue djuysang (e

UEZ0l Z-LK JO 3ILUIIINSTWAH-4 JO S}SAYIULG
1 3xeyy




as

bevine serum albuein (BSA, vide infra). Stability of the scid 1-2 (e.g..
epoxide cleavage, hydrolysis, etc.) to the reaction conditions required for
conjugatloh was determined by preparing the F-ethyl amide 1-4 under the same

conditions.
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4.0 Ismunogen Synthesis

Tﬁe oxime acid A-4 was used to synthesize immunogens J-1 and J-2 from -
bovine serum albumin (BSA) and bovine thyroglobulin (BTg) respectively. Con-
Jugation of acid to protein was carried by the mixed anhydride procedure of'
Erlanger et al. (1957) as shown in Chart J.

Conjugates were purified by dialysis using Spectra/Por tubing with a
molecular weight cutoff of 12-14.360. Ultraviolet analysli of the conjuzatg
with BSA (14) indicates an incorporation ratio of 20 and with BTg (15) a ratio
of 60, with no detectable unbound 4 in either conjugate. |

The hemisuccinate 1-3 wa; used to synthesjize the 1;-unogen K=1 from
bovine serum albumin (BSA). Conjugation of (I-3) fo prﬁteln was carried out
by the same mixed anhydride procedure as shown in Chart K. |

The conjugate was purified py dialysis using Spectra/Por tubing with a
molecular weight cutoff of 12-14,000. An lhcorporition ratio of 19 moles of
hapten per mole of BSA was obtained, as deterained by the procedure of Habeebd

(1966) .
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Chart J ,
Synthesis of 8-Linked Immunogen
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Chart K

Synth.sic of 4-Linked Immunogen

a,b,c

1

Protein = BSA

a) Et}N
b)  i-BuOCOCI |

c) Protein in 0.1 M NaHCO3
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5.0 Preporation and Initial Characterization of Antibodies to T-2 Toxin

The imaunogens shown below were each used to immunize four rabbits.

........ o
5 ]
(Prouin)”n - M - CC -~ CH,0 - N

/

A0/

. 8~T=2-BSA - Protein = bovine serum albumin
8§-7-2-BTg ~ Protein ~ bovine thyroglobulin

A solid phase enzyme immunoassay (EIA) was used for initial charecterization
of antisera. Test sera were added to microtiter plaf; wells coated with T-2-
protein conjugate, and bound antibody was detected by -ublaquent addition of
peroxidase-coupled second antibody followed by substrate. Sera from rabbits
immunized with 8-T-2-BSA were tested on wells coated with 8-T-<-BTg and con-
versely. Details éf the li-unlzation protocol and of the EIA are givea in the
eiperinenta] section. Activity of test sera with unconjugated protein and
activity of normal rabbft serum with 8-T-2-protein conjugates were measured s
contrcis for specific binding.

We have analyzed the sera obtained by bleeds 1 and 4 of all 8 rabbits
‘immunized with 8-T-2-protein conjugates by measuring antibody gétlvlty as a
function of serum dilution in the EIA. Typical titration cur#eo are shown in
Figure 1. The titer of 2ach antiaeru-, defined as the reciprocal of the dilu-
tion giving 50% of maximum antibondy binding, was derived by Probit analysis of

experimental data. Results are shown in Table 1.
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Table 1. Titers of Rabbit Antisera

A. Rabbits Immunized with 8-T-2-BSA

. ' Titer? ' -
Anfmal Bleed 1 Bleed 4 -

531 6.394 - 9,217

532 13,111 19,223

533 5,880 11,848

547 - 7,080 21,083

B. Rabbits Immunized with 8-T-2-BTg
| . S ' Titer?

* Animal Bleed 1 Bleed 4
543 10,688 29,824

544 ' 7.642 17.079

545 - 5,890 6,376

546 4,719 . 3,934

8 Ti{ters are defined as the reciprocal of the dilutioun
giving 50% of maximum antibody binding and are derive
by probit analysis of the data. '
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T-2 toxin coupled to BSA and BTg via the C-8 position and administered to
rabbits according fo the described protocol elicited a strong immune response

(Table 1) without apparent adverse effects on the immunized animals. This is

in contrast to previous reports citing the.ditticultylot eliciting a vigorous
imsaune rosponae’by‘lnjectlon of (T-2-C3 hemisuccinate) BSA (Hunter et al.,

| 1985; Pontelo et al., 1983; Peters et al., 1982; Chu et gi.. 1979). The weak ¢

immune responses were attributed to possible toxic effects of (free) T-2

toxin, in particular on cells of the hesopoietic system undergoing the differ-’

entiation and proliferation necessary to produce an imsune response (Hunter et

al.. 1988).




33

- 8.0 Reactivity of Polyclonal Rabbit Antisera with T-2 Toxin and Related Tri-

gchothecenes
Using a competitive inhibition radioimmunocassay (CIRIA), we have analyzed

one antiserum from each of four rabbits for reactlvlty with T-2 toxin, HT-2
toxin, anguidine, neosolaniol, T-2 triol, T-2 tetraol, verrucarin A, and vo?l—
toxin (Chart L). See‘e;perluental section for details. Two of the antisera
k531.4. 532.4) were from rabbits immunized ultﬁ the a-r-é-BSA conjugate and
two (544.4, 545.4) were from rabbits imsunized with the 8-T-2-BTg conjugate.
Similar results were obtained with all four sera. Approxlnufe percent cross-
reactivities at 50% radioligand displacement were

T-2 toxin 1.002

nf—z toxin 0.6%

anguidine dos

neoa;lanlol 38%

T-2 triol <0. 4%

T-2 tetraol  <0.4%

verrucarin A <0.4%

vomitoxin <0.4%
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' Chart L
Trichc thecanes Tested for Antibody Crossreactivity

TRIVIAL NAME Ry Ry Ry R,

- T-2 Toxin OH OAc OAc X
'HT-2 Toxin OH OH OAc.
Anguidine OH OAc OAc H
"Neosolaniol OH OAc OAc © OH
T-2 Triol OH OH OH X
T-2 Tetraol OH OH OH OH

X = OOCCH,CH(CH);

On

TRIVIAL NAME Ry, R, Ry Ry

Vomitoxin OH H OH OH
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7.0 Recomwendations and Plans

1. To complete the long-term 1-lunizqtion protocols for rabbits immu-
nized with 8-T-2-BSA and o-r-zuarg; which antails two additional immunizations
(days 261 and 293) and bleedinge (days 272 and 304). We will then have 8
antisera from each c¢f 7 rabbits and 6 antisera from one rabbit (animal #532
died on 12/31/85 from ceuses unrelated to the immunization protocol)i All
these antisera will be characterized in the EIA, and binding affinities and
cross-reactivities of selected antisera will be determined in the RIA.

2. To produce and characterize trichothecane-reactive murine monoclonal
sntibodies using T—é toxin coupled to BSA at the C-8 position. |

3. To produce and characterize polyclonal antisera fin rabbits immunized
with the hemisuccinate derivative of HT-2 toxin coupled at the C-4 position to
chick gamma globulin (CGG) and to BSA.

4. To begin production of murine monoclonal antibodies to tho hemisucci-

nate derivative of anguidine coupled at the C-4 position to CGG and to BSA.
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8.0 [Experimental Section
i.l Chen!strx

lqltlngrpolnto were obtained on a Kofler H&t Stage and are uncorrected.
The infrared spectra were determined in cnzcl2 on & Perkin-Elmer 267 Infrared
Spectrometer. Proton NMR spectra were obtained in CDCI3 with a Varian zﬁ-aeo
at 60 MHz or with'a Bphker WM-250 |pectroléter at 250 MHz. Chemical shifts
are expressed in ppa with tetramethylsilane as an internul'atandgrdh Mass
spectra were determined with an AEl MS902 spectrometer at an jonizing voltage
of 70 eV. |

All reactions were run under dry nitrogen. Tetrahydrofuran'(Tﬁ?)'nau
freshly distilled from lithium aluminum hydride prigr to use. Column chroma-

_ tography was perforaed on slurry packed‘nlllcn gel (Kieselgel €0, 79-230 mesh)

colusns or E. M. Merck Lobar colusns.

5

48,15-Diacetoxyscirpene-3a,88-djol (A-2). This compound was prepared by
the literature method (Kaneko et ai.. 1982): yield 57%; mp 116-120°C (lit. mp

114-116°C).

1§L15-D1acetoxy—3a~hydroxyscirpen—s-one (A-3). This coapound was pre-

1., 1982): yield 88%; foam (lit.

pared by the literature method (Kaneko et

foam).

48,15-Diacetoxy-3a-hydroxyscirpen-8-(0-carboxymethyl Joxime (A-4). To a

XX,
.

solution of A-3 (105 mg, 0.28 mmol) {n anhydroui pyridine (% mL) was quickly

A
* g
ot "
.!.\ ",
o
W,

e

added carboxymethoxyamine hemihydrochloride. The reaction vessel was stop- ]
. V:'m
pered and heated in an ofl bath at 35°C for 40 h. The solvent was then o2
. o . . .:"J‘!
removed in vacuo and the residue dissolved in CH,Cl, (10 mL) and washed with : 3;?

cold (0°C) 0.5 N HC1 (5 mL). The organic layer was dried (Na2804) and the

~
4
L

l‘
‘.

%

3

solvent removed in vacuv. The residue was eluted from a silica gel (8 g)

s
zz;;{f
oo L

<] §
[ A A
ALY

P L Lk I I T S S S




37

column using toluene-dioxane-acetic acid (64:35:0.1) to give 37 mg (45% yie.d)
of A-{ as 2 foan. 'Although it was homogeneous by TLC (silica gel; toluene-
dioxane-acetic acid (9:5:0.3)], all attempts to crystallize A-4 were unsuc-

1. Uv (MeOH) 243 nm (£, 13.750); NMR &

cess?ul; IR 3600, 1735, 1710, 1590 cm
0.83 (s, 3, C-14), 1.78 (s, c, C-16), 1.95 (s, 3, OAc), 2.07 (s, 8, OAc), 2.77
(d, 1, J = 4Hz, £-13), 3.00 (d, 1, J = 4Hz, C-13), 3.63 (d, 1, J = 5Hz, C-2),
3.88 (s, 2, C-15), 4.17 (m, 1, C-3), ¢.50 (d. 1, J = 6Hz, C-11), 4.58 (s, 2,

0-CH,_-COOH), 3.17 (m, 1, C-4), 5.87 (d, 1, J = 8Hz, C-10).

2
N-Ethy! Amide of 48,13-Diacetcxy-3a-hydroxyscirpen-8-(0-carboxymethyl)-

oxime (A-35). To a cold (15°C) solution of A-4 (22 mg, 0.06 mmol) in anhydrous
dioxane (2 mL) was added Bt3N (14 uL.'O.l amol). After stirring for 3 min,
isobutylchloroformate (14 uL, 0.1 mmol) was added, and the reaction was |
allowed éo proceed for an additional 20 -1n,‘after which time this reaction
mixture was added to cold (0°C) stirred solution of 7°*,"!“z in nzo. The
reaction mixture was stirred at 0°C for 1 h and at rooa temperature for 1 h.
The reaction mixture was then diluted with a saturated solution of Nallco3 and
extracted with CHZCI2 (3x). The organic phase was dried (Nuzso‘) and the
solvent removed lg.ggggg: Analysis by TLC (silica gel, EtOAc) and HPLC
(Partisil 10, RCM; 85:15 EtOAc~nexane, 265 nm) Jndicated that.on]y one product

1. ¥R 6 0.9 (0. 3, c-14),

was formed; IR 3550, 3440, 1735, 1710.‘1a1o ca”
i.20 (t, 3, J = 5Hz, N-chz-gga). 1.88 (s, 3, C-16), 2.02 (s, 3, OAc), 2.16 (s,
3, OAc), 2.88 (d, 1, J = 4Hz, C-13), 3.07 (d, 1, J = 4Hz, C-13), 3.39 (m, 2,

N-CH,-CH,). 4.03 and 4.20 (Aad. 2, J = 12Hz, C-15), 4.25 (m, 1, C-3), 4.44 (d.
1. J = 5Hz, C-11), 4.55 (s, 2, O-CH,-CONHEt), 5.19 (d, 1. J = 3Hz, C-4), 6.03

(d, 1, J = BHz, C-10). Anal. (C Found m/z 480.211. Required m/z

23M32M,09)
480.211.
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48-15-Diacetoxy-3a-0-(2-tetrahydropyranyl)scirpene (A-6). This compound

was prepared according to a literature procedure (Kaneko et al., 1982).

48-15-Diacetoxy-31-0-(2-tetrahydropyranyl)scirpene-88-0l1 (A-7). Solution
of A-6 (630 mg, 1.4 msol) and Seo2 (171 mg, 1.5 mmol) in dioxane (34 ml) con-

taining water (1.4 mL) was refluxed for 22 h. The sclvents were removed in

vacuo and the residue dissolved in CH2012 (3 sL) and filtered tﬁrouzb Ceilte.

This saterial was then eluted from a Herck Lobar silica gel column (size B)
using a gradient of 10% EtOAc in CH,Cl, to 30% EtOAc in CH,C1, to yleld A=7

(393 mg, 60%) as a foas; IR 3600, 1735 ca

;: NMR & 0.72 (s, 8, C-14), 1.78 (s,

3, C-16), 2.02 (s, 3, OAc), 2.05 (s, 3, OAc), 2.73 (d, 1, Jli 4Hz, C-13), 3.00

(d, 1, J = 4Hz, €-13), 5.47 (m 2, C-4, C-10).
48-15-Dlacetoxy-3a—0~(?-tetrdhgdrogzran!l)-aa-lsovalerxloxxsclrgene

A-11). To a solution of A-7 (120 mg. 0.27 mmol), (ceﬂs)aP {141 mg, 0.54

mmo]) and.ltovulorlé acid (55 mg, 0.54 mwol) in anhydrous THF .(2 aL) was
slowly (1.5 h) qddeq a tolption of diethyl azodlélrboxylafe (95 mg, 0.54 mmol)
in anhydrous THF (2 al). After atlprlng at room teaperature for an additional
hour, the reartion l§xture was diluted wigh CH2012 (15 lL)’and‘shakén with a
‘saturated,oolutlon of NaHCOa (5 mL). Removal of the dried (Nazso4) solvent in
!éggg gave crude A-11 which was purifled byJelut]on from a Merck Lobar silica
gel column (size A) using 50% EtOAc in hexanes to yield 71 mg (49%) of pure

1

A-11 as a foam; IR 1735 ca '; NMR 6 0.72 (s, 3, C-14), 0.95 (m, 7, (CH,) ,~CH~

cuz—co—). 1.74 (s, 2, C-18), 2.06 (s, 3, OAc), 2.09 (s, 3, OAc), 2.78 (d. 1,
J = 4Hz, C-13), 3.03 (d, 1, J = 4Hz, C-13), 5.29 (d, 1, J = 4Hz, C-8), 5.80
(m, 2, C-4, C-10).

4ﬁ.15—01acetoxy—ﬂd—lnovaleryloxyscxrpen—ad—o] (T-2 toxin, A-12). A solu-

tion of A-11 (20 =g, 0.04 mmol) and pyridinium tosylate (3 mg, 0.02 mrol) in
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93% EtOH (1 mL) was heated to reflux for 1 h. After removal of the solvent in
vacuo, the residue was eluted from ailica gel (1 g) with a gradient of 25%

EtOAc in Cﬂzcl2 to EtOAc to yield 12 mg (67%) of T-2 toxin (A-12), mp 1‘5—
1

146°C (11t. sp 150-151°C, Bamburg et al., 1968); IR 3600, 1735 cm ~; NMR &

0.81 (s, 3, C-14), 0.96 (m, 7, (CH,),CH-CO), 1.75 (s, 8, C-186, 2.03 (s, 8,
"OAc), 2.15 (s, 3, OAc), 2.80 (d, 1, J = 4Hz, C-13), 3.06 (d, 1, J = 4Hz,
C-13), 3.80 (d, 1, J = 4Hz, C-2), 4.05 and 4.30 (ABq, 2, J = 12Hz, c-15), 4.17
(n, 1, C-3), 4.35 (d. 1, J = 6Hz, C-11), 5.50 (m, 2, C-4, C-8), 5.81 (d, 1,

J = 6Hz, C-10).

48,15-Diacetoxy-8a-0-{3-methyl-3-butenoyl)scirpen-48-0l1 (B-2). To a

solution of 520 mg (1.4 mmol) of B-1 ((Kaneko et al., 1982), (Cons)aP (734 mg,

2.08 mmol) and‘zso mg of 3-methyl-3-butenoic acid (Smith et al., 1981) in
anhydrous THF (25 aL) was slowly (1.5 h) added a solution of diethyl azodicar-
boxylate (409 mg, 2.8 mmol) in anhydrous THF (5 mL). After stirring at room
temperature for an additional 3 h, the reaction mixture was dilutedlulth

CHZCI2 (150 mL) and shaken with a saturated solution of NnH003 (50 mL).

Removal of the dried (Na2804) solvent in vacuo gave crude B-2 which was puri-

fied by elution from silica gel (30 g) using a gradient of 30X Et20‘1n hexanes

1

to Et_O to yield 255 mg (40X) of pure B-2 as a foam; IR 3500, br i730 ra

2
, [

NMR &6 0.81 (s, 3, C-14), 1.75 (s, 3, C-18), 1.82 (s, 3, Cﬁs-C-CHz). 2.04 (s,

3, OAc), 2.15 (s, 3, OAc), 2.80 (d, 1, J = 4Hz, C-13), 2.99 (s, 2, C(O)-Cﬂz—

C-CHZ). 3.06 (d. 1, J = 4Hz, C-13), 3.69 (d. 1, J = SHz, C-2), 4.87 (s, 1,

Cﬂz-C—Fﬂz). 4.93 (s, 1, C!2'C-CH2). 5.30 (m, 2, C-4 and C-8), 5.81 (d, 1, J =

684z, C-10). Required for CZ4H3209; n/2 464.2046. ~Found: w/z 464.2049.
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Toxin, B-3). A solution of B-2 (20 mg, 0.04 mmol) .nd'tria(trlphenylphos-

phine)rhodium(l) chloride (8 mg) in toluene (0.75 mL) was exposed to 5 Ci of

tritium gas at room temperature for 24 h. The solution was transferred to a
vial with MeOH and the solvents removed with a stream of nitrogen. The resi-
due was chromatographed on a 20 x 20 x 0.1 ca sflica gel plate (E. M. Merck)
with 2:1 EtOAc in hexanes.

e band corresponding to T-2 toxin was eluted with about 10 aL of
chlorofora/ethanol (1/1). The resulting solution was then di{luted to 50 aL
with ethanol and then to llliter with toluene.

Aﬁ aliquot (100 sL) was w!thdraunband the solvent concentrated in vacuo

"to 1.0/mL. This aliquot was then transferred to a flask containing 1.0 mg of
_snguidine, to be used as an internal standard for GLC analysis. This mixture:’
was then analyzed on aﬁ 0V-17 GLC column at a prograryed temperature of 200°C
to 250°C. The intergal of thc known copcentratlon (1 mg/nL) of anguiﬁlne was
626 anq the intergal of the unknown concentration of T-2 toxin was 825 for a

ratjo of 1:1.32. Thus., thé 10% aliquot of the total sample contains 1.32 mg

of T-2/toxin, and therefore, the total recovered tritiated T-2 toxin was

13.2 ng. An aliquot was counted using a Minaxi Tri-Carb® 4000 series scintil-
" .
lationjcounter to give an activity of 73.9 nCi per mg, or 34.3 Ci per mmol.

3L—6-Tetrahydropyranylsclnpene‘GB,ls-dlol (H-2). To a cold (0°C) solu-

tion ol 1.26 g (2.8 mmol) of 3a-O-tetrahydropyranylscirpene-48,15-diol diace-

tate (ﬁ;l) (Kaneko et al., 1982) in THF (25 aL) and MeOH (15 mL) was added

| al
0.3 N NaOH (40 mL). The reaction flask was stoppered and allowed to stand at

5°C fol 18 h. The reaction aixture was then dilutad with CH2C12 (200 alL) and

shaken}w!th uzo (2 x 100 aL) and brine (50 mL). Removal of the dried (Na2804)

|
tolvenx in vacuo ylelded 956 mg of H-2 (93%) as an oil (Roush et al., 1985).

i
{
|
1
1
|
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aa—o-tetrahxdrogxranxl~15-acetoxxsc1rggn—4§—ol (R-3). To a cold (0°C)
solution of H-2 (0.96 g, 2.6 mamcl) in Et,N (1 aL) and cnzc12 (40 mL) was added

AcCl (0.35 mL). After being stirred at 0°C for 2 h, the reaction mixture was
diluted with cnzcl2 (200 aL) and shaken with aqueous n-ncoa (2 x 80 lL).,Hzo

(50 aL) and brine (50 maL). Removal of the dried (uazso‘) solvent in vacuo

ylelded 1.08 g (96%) of H-3 as a foam; IR (3800, 1735 cq-l: NMR & 0.81 (s, 3,
C-14), 1.74 (s, 3, C-16), 2.00 (s, 3, OAc), 2.72 (d, 1, i = Cﬁz. c-13), 2.97
(d, 1, J = 4Hz, C-13), 5.42 (m, 1, C-10). Molecular ion was not observed;

required for M -THP (C m/z 322.149. Found: m/z 323.149.

17%23%) ¢
3a-0-tetrahydropyranyl -15-acetoxyscirpen-48-88-diol (H-4). A solution of

1.08 g (2.4 mmol) of H-3 and 333 mg (3.0 ilol) of freshly sublimed Se0, in

2
dioxane (64 mL; and "20 (2.8 ML) was refluxed for 17 h. After removal of ghe

solvent in vacuo, the residue was eluted from oillcalgel (18 g) using a gradi-

ent of 10% EtOAz in CHC13 to 30% EtOAc in CHC]
1

3 to yield 635 mg (68%) of H-4

as 2 foam; IR 3600, 1735 cm ; NMR & 0.85 (s, 3, c-14), 1.53 (s, 3, C-18),
2.00 (s, 3, OAc), 2.72 (d, 1, J = 4Hz, C-13), 2.97'(d, 1. J » 4Hz, C-13), 85.42

(m, 2, C-10). Required for szﬂszos: B/z 424.2097. Pound: m/z 424.2094.

3a-0-Tetrahydropyranyl-8a-isovaleryl-15-acetoxyscirpen-48-o0l (H-5). To a

stirred solution of H-4 (600 mg, 1.4 mmol), ‘CBH P (750 mg, 2.9 mmol) and

5)3
isovaleric acid (290 mg, 2.9 mmol) in THF (13 mL) .as slowly (2 h) added a
solution of diethyl azodicarboxylate (DEAD) (417 mg, 2.9 mmol) in THF (2 aL).
After stirring at room temperature for 3 h, the solvent was removed in vacuo
and the residue taken up in CHCl2 (200 mL). The excess lsov@leric acid was
removed by shaking with aqueous NaHCO3 (2 x 50 mL) and the organic layer dried
over Nazsod. The crude product obtained after removal of the solvent in vacuo
was purlf!eq by elution from silica gel (10 g) with Etzo in hexane (2:1) to

B IV | ) RTRTNER P = N

NSRS . L




give 223 mg (35%) of pure H-S as a foam: IR 3600, 1735, 1725 e--l; NMR & 0.83

‘(l. 3, C-14), 0.98 (d, 6, J = SHz, (Qﬂs)éCﬂ-Cﬂz]. 1.72 (s, 3, C-16), 2.00 (.;

3, OAc,. 2.02 (d, 2, J = aNz, (CH3)2-CH-Q§2—C-0]. 2.72 (4, 1, J = 4Hz, C-13),
2.97 (d, 1, J = 4Hz, C-13), 8.18 (d, 1, J = 6Hz, C-8), 5.58 (d, 1, J = 6Hz,

C-10). Molecular ion not observed; required for M+l (Cz7n‘10 n/z 509.2748.

9):
Pound: m/z 509.2748.

Sa-0-Tetrahydropyranyl-8a-isovaleryloxy-15-acetoxyscirpen-4-one (H-6).
To a stirred aixture of H-3 (22 ag, 0.044 mmol) and anhydrous NaOAc (4 mg,
0.048 mmo0l) in cuzcl2 (1 sL) was added 22 ag (0.1 mmol) of pyridinium chloro-
chromate. After stirring at room temperature for 17 h, the solvent was

removed in vacuo. The crude ketone H-6 was purified by elution from silica

gel (1 g) using CHZClz/EtOAc/hexane (1:1:1) to yield 14 ag (64%) of a pure H-6

as a foam: IR 3580, 1740, 1730 ca '; NMR & 0.90 [m, 9, C-14, (L3,),-CH-], 1.72

2

(s, 3, C-16), 1.96 (s, 3, OAc), 2.00 [d, 2, J = 4Hz, (CH -CH-CH, -€<0], 2.87

3)2
(d, 1, J = 4z, C-13), 3.12 (d, 1. J = 4Hz, C-13), 8.20 (m, 1, C-8), 5.55 (m,

1, C-10).

3u-derox1—ea-1.ovalerxloxx—ls-lcetoxxscirggn-lfone (H-7). A solution of

H-6 (153 mg, 0.3 mmol) and pyridinium tosylate (8 mg, 0.04 mmol) in ©5% EtON

(8 nL) was refluxed for 3 h. Removal of the solvent gave the crude product

which was purified by elution from silica gel (10 g) with EtOAc in hexane,

(2:#) <5 yield 110 mg (88%) of pure H-7: IR 3600, 1740, 1730 Cl-l; NMR 6 0.89

m, 9, C-14, (Cﬂa)z-CH-Cﬂzl. 1.67 (s, 3, C-16), 1.93 (s, 3, OAc), 2.00 (d, 2,

J = 4Hz, (CHa)z-CH-Cﬂe—C-O). 2.87 (d, 1, J = 4Hz, C-13), 3.12 (d, 1., J = 4Hz,
C-l3); 3.90 (s, 2, C-15), 4.20 (d, 1, J = 4Hz, C-11), 8.20 (m, 1, C-8), 5.55

(m, 1, C-10). Required for czzusoo‘: m/z 422.1940. Pound: m/z 422.1945.

[ O
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Bemisuccinate of 3a-0-Tetrahydropyranyl-8a-isovaleryloxy-15-acetoxyscir-
pen-48-o0l (I-2). A solution of 83 mg (0.16 mmol) of aa—o-?otrahydrqpyranyl— ]
Ba~1oqvaleryloxy-ls-acetoxyiclrpen—lB—ol (T-1) (400 mng, € mmol) of sublimed
stccinic anhydride and & catalytic amount (2 mg) of ¥,N-dimethylamino pyridine
in 4 al of pyridine (diatiiled from Ba0) n‘n heated at 100°C for 1 h. The
reaction mixture was then cooled to 40°c and the solvent removed in vacuo.

I ,0 and filtered to.renoye the precipi-

2
tated succinic anhydf!de. The crude hemisuccinate was purified by elution

The residue was then triturated with Et

from silica gel (10 g) using a gradient of 34% EtOAc lnvCHCI3 to 50% EtOAc in

CHC1, to yield 68 mg (70%) of pure [-2 as a foam; IR 3500, 1735 cm '; NMR

80.70 (s, 3, C-14), 0.95 [n, 7, (CH,),CH-CH,], 1.80 (s, 3, C-16), 2.00 (s, 3,

OAc), 2.02 (s, 2, (CH ;CH~C! -C=0), 2.67 (s, ¢, C(O)‘Qﬂz-Qﬂz-C(O)]. 2.79 (d,

3)2 2
1, J = 4 Hz, C-13), 3.08 (d, 1, J = 4 Hz, C-13), 8.30 (d, 1, J = 6 Hz, C-8),

5.80 (m, 2, C~-4 and C-10). MNolecular ion not observed; required for (n’-csuso

(llovaleroyl)—c‘ﬂ (succinoyl)] C 08; /2 422.1940. Pound: w/z

503 22M30

. 422.1045,

'15—Acetoxx—3a,48-dlhxdrox!—ea—1|ova1erxloxxsc1r2ene, 4 hemisuccinate

I-3). A solution of I-2 (150 mg, 0.25 mmol) and pyridinium tosylate (10 mg,
0.05 mmol) in 95% EtOH (10 mL) was refiuxed for 4 h. The solvent was removed
in vacuo, and the residue redissolved in CHZClz. The pyridinium tosylate was

removed by shaking with H_,O, and the organic layer was dried (Nazso‘).‘

2
Removal of the solvent in vacuo gave 94 mg of sllzhtl§ impure [-3, which was

"purified by elution from silica gel (10 g) dplﬁz 10% EtOH in EtOAc to yield

53 ng (40%) of the hemisuccinate -3 as a foam; IR 3500, br 1730 cl_lﬁ NMR &

,-“_ e

=

0.78 (s, 3, C-14), 0.95 [m, 7, (Cﬂa)acﬂ—CH 1.75‘(3, 3, C-18), 2.03 (=, 3,

]'
2‘

OAc), 2.i4 (s, 2, (CH3)2—CH-C§27C-0]. 2.68 [s, 4, C(O)-C;ﬂz—CﬂzuC(O)]. 2.79

X1 o

<
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(d. 1, J = ¢ Hz, C-13), 3.05 (d, 1, J = 4 Hz, C-13), 3.60 (d, 1, J = 8 Hz,
c-2), .29 (d, 1, J - 6 Rz, C-8), 5.43 (d, 1, J =38 Hz, C-4),. $5.80 (4, 1, J =
6 Hz, C-10). Molecular fon not observed; required for [-’-csngo (isova-
leroyl)] 021H28010: n/z 440.1682. Found: wmn/z 440.1885. |
N-Ethy] Amide of lS-Acetoxy-saLQB-dlhzdroxz-aa4lsovaler!loxysclrggne, 4

hemisuccinate lfl . To a cold solution of 1-3 (15 mg, 0.029 mmol) in anhy-
drous dloxane'(z'nb) was added Btsn (3 uL, 0.036 mmol). After stirring for
3 ain, isobutyl chloroformate (5 uL, 0.036 mmol) was added, and the reaction
was allowed to proceed for an additional 20 min after which time the reacticn

was added to a cold.(o°) solution of EtNH2 ino0.1 M uanc03; The reaction was

stirred at 0° for x.n and at rooam temperature for 1 h. The reaction mixture

was then diluted with a saturated solution of lll!lco3 and extracted with CH2C12

zso‘) and the solvenf removed in vacuo.

Analysis by TLC (silica gel, EtOAc) indicted that only one product was formed;
1

{3X). The organic phase iaikdrled (NA

IR 3440, 1730, 1670 cm ; NMP & 0.70 (s, 1, C-14), 0.95 (m, 7 {CH —qg—cnzj.

al2
1.74 (s, 3, C-16), 2.05 (s, 3. OAC), 2.40 [m. 2, C(0)-CH,-CH ~N]. 2.70 (m, 2.
C(0)-CH,-CH,-N], 2.9 (4. 1, J = 4 Hz, C-13), 3.02 (d, 1, J = 4 Hz, C-13),
5.28 (d, 1, J = 6 Hz, C-8), 5.69 (m, 1, C-4), 5.74 (4, 1, J = 6 Hz, C-10).

Requlred for C33H‘9N011: m/z 635.3305. Pound: m/z 635.3300.

Preparation_of Bovine Serum Albumin (BSA) Conjugate (J-1). To a cold

(15°C) solution of A-4 (22 mg, 0.05 mmol) in anhydrous dloxine (2 mL) was

added Etan (14 yL, 0.1 mmol}). After stirring for 3 min, isobutyl chlorofor-
mate (14 pul, 0.1 mmol) was added, and the reaction was allowed to proceed for
an additional 20 aln.‘ufter which time the reaction mixture was added to a
stirred, cold (0°C) solution of BSA (68 ag, 0.001 amol) lnvaqqeous NaHCO3

(0.1 M; 3 mL). Stirring was continued for 3 h at G°C and for 1 h at room
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temperature. The reaction mixture was diluted with distilled water (20 nL)
and dialyzed against distilled water (2 L, 12 changes). The clear solution
was lyophilized, yielding 60 mg of highly electroitatic material. Analysis by
UV using the Jollowing formula (cf. Cook et al., 1980) indicates a hapten

. incorporation of 25 units:

X M.w X C

Aconjuzate ‘W.psa = Ppsa conjugate
Molar Ratjo =
Ehupten X cconjugate - .Aconjugate X thapten'retidue'

A = absorbance - 1.58

c = concentration (mg/mL) = 0.52

n'BSAl ’ . = 66,000

.'hapten residue 433-17 . - 48

EBSA (at 260 na) = 25,750

ahapten (at 260‘nn) - 8,250

Extraction with CHCI3 showed that the amount of unbound hapten was insig-

nificant.

Preparation of Bovine Thyroglobulin (BTg) Conjugate (J-2). To a cold

(15°C) solution of A-4 (14 mg, 0.03 ;-ol) in gnhydrouu dioxane (2 aL) was
added EtéN (9 uL, 0.06 mmol). After ltirrihg for 5 min, isobutyl chlorofor:
mate (9 uL, 0.06 n-ol)‘nas added, and the reaction was allowed to proceed for
an additional 25 min, after which time the reaction llxtureinas Added to a,
ltirreq. cold (0°C) solution of BTg (100 mg, 0.0001§ mmol) in aqueous NaHCOQ'
(0.1 M, 3 mL). Stirring was continued for 3 h at 0° and for 2 h at room tem-

perature. The reaction mixture was diluted with distilled water (éo ml) and

dialyzed against dlstll;ed water (2 L, 12 changes). The clear solution was
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lyoph;llzed. yielding 90 ag of highly electrostatic material. Analysis by UV
using the foraula in the experiment described for the‘BSA conjugate indicated
s hapteh incorporation of 60 units. Extraction with CHCI3 ihowed that fhe
amount of uqbound hapten was insignificant.

Preparation of Bovine Serus Albumin (BSA) Conjugate K-1. To a cold
(155C) solution of C-3 (15 mg, 0.029 mmol) in anhydrous dioxino (2 nL) was

added Bt3N (5 uL, 0.038 mmol). After stirring for 8 ain, 1cobufvl chlorofor-
‘late (3 uL, 0.038 mmol) was added, and the reaction was allowed to proceed for
an additional 20 min, aftér which time the reaction mixture was added to. a
stirred cold (0°C) solution of BSA (46 mg, 0.0007 amol). Stirring was contin-
ued for 3 b at 0°C and for 1 h at room telperature! The reaction mixture was
diluted with distilled nzo (20 mL) and dialyzed against distilled Hzo (2L, 12
changes). The clear solution was lyophilized, yi2lding 42 mg of'hlzhly‘elec~
trostatic material.

The molar ratio between hapten and BSA was 19:1 as determined by the free
amino groups present in BSA before and after the conjugation (Habeeb, ;966).
Thus, 1.0 mg of conjugate and 1.0 ag of _SA were each dissolved in 2 mL of 2%
NaHCO,. To these solutions was added 0.1% trinitrobenzenesulfonic acid (TNBS)
(1 lL).‘and the solutions heated at 60°C for 4 h; then 1 aL of 10% sodium .
dodecyl sulfate was added to solubilize the protein and prevent its precipita-
tion on addition of 0.5 mL of 1 N HC1l. The abosrbance of the solution was
read at 335 na azainst.a blank t;eated a3 above. The reaction of BSA gave an
absorbance of 2.70, and tke conjugate gave an absorbance of 1.84. Thus, 68%
of the amino groups of the protein conjugate r?acted with TNBS, therefore 32%
of the amino groups have reacted with the hapten. Since thoré are ellaplno
groups aval)ab]e (Habeeb, 1968) for reaction, an incorporation of 19 units is

obtained (0.32 x 61 = 19).
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" measured in solid-phase EIA. Test sera were added to microtiter plato.-ull:

' additloﬁ of peroxidase-coupled second antibody and substrate. Sera fros rab-

47

8.2 ]msunology
Production of Antisera. Four female rabbits (3 kg weight) were immunized

with T-2 BSA and four with T-2 BTg as follows: On days 1, 8, 6, and 15 each
aninal was injected intramuscularly in the thigh with 0.5 aL of an emulsion
consisting of equal volumes of T-2 protein conjugat; at 0.8 mg/alL in physio-
logical saline and complete Freund's adjuvant (Miles Laboratories, Inc.,
Naperville, IL). On days 29 and 43 and thereafter at 4 ueekllntervalt each
animal recélved an intramuscular thectlon of 0.5 lL of emulsion containing
equal volumes of T-2 protein conjugate (0.4 mg/mL in physiological saline) and
incomplete Freund's adjuvant (Miles Labordtorio.).‘ peglnﬁtng on day 41 and ‘
subsequently 11 days after each injection of immunogen in incomplete Freund'a
adjuvant, animals were bl;d from a peripheral ear vein. Sera were harvesfed
and stored at -20°, The an;hala app;arod normal and healthy throughout‘the
immunization procedure. |

Enzyme I-lunoaiaag (EIA). Anti-T-2-toxin activity in the above sera was
coated with T-2 protein conjugate; bound antibody was detected by -ubtéquent

bits immunized with T-2 BSA wére tgstéd on wells coated with T-2 ng and con-
versely.. Activity of teit‘uera with unconjugéted protein and activity of
normal rabbit serus with T-2 protein conjugates wefe measured as controls for
nonspecific binding. Detalla'of the EIA are given below.

Wells of 96-well microtiter plates (Dynatech Immulon 2 plates with flat
bottom wells, F{sher Scientific) were pretreated for 30 min at room tempera- -
ture with 100 uL per ne]l of 6.1 M MaZCOS, pH=9, ‘Plate: were washed twice

with deionized/distilled water and suctioned dry. To each well was added
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50 uL of T-2 protein conjugate or unconjugated protein at 0.02 mg/mL in phos-
phate buffered saline (PBS), pH 7.2. Plates were 1ncub¢tcdlat 37° overnight
or until wells were dry. Tﬁ prevent further adsorption of protein, wells were
"blocked™ by incubation with 200 uL of 0.7% BSA/PBS (Kirkegaard and Per.y
Labs., Inc., Gajithersburg, MD) for 30 min at room teasjperature. Lxcess mois-
‘tura was removed and sb QL of diiutlono of test sera or normal rabbit serus in
PBS were added.per -eli. Plates were incubated for 2 h‘Qt room telpefature

and washed once with 0.02 M imidazole bﬁtteréd saline containing 0.02% Tween

‘20 (Kirkegaard and Perry‘Labt). Peroxidasc-coupled second antibody (affinity

specific, horseradish peroxjidase conjugated, Cclblochgl Biochemicals, San
Diego, CA) diluted 1:3000 in 1% BSA/PBS (Kirkegaard anvatrry Labs) was added
at 50 uL per Qell and incubated for 1 h at room temperature. Plates were
washed five tises with imidazole wash solution (see above), and 50 uL per well
of ABTS substrate (Kirkegaard and Perry Labs) were added. Absorbance at

403 n= -aa'read using a Multiskan Microplate Reader (Flow Labofatoriel. Inc.,
ch;an. VA) after 2.5, 5, 15, and 30 ain lt;rool temperature.

Competitive Inhibition Radioimmunoassay (CIRIA). The reactivities of

rabbit antisera 531.4, 532.4, 544.4, gnd 545.4 with T-2 téxin and related
trlchqthe;ene: were -ea.u;ed in a ;olutlon CIRIA using [3H)-T-2 toxin prepared
#s described above. Antissrum dilutions which bound ~40% of added radioligand
were used in these assays. After incubation with antibody in the rresence of
varying cnncentratlons of unlabeled inhibitors, bound and‘free radioligand

were separated by charcoal adsorption. Details of the CIRIA are given below.

To 12 x 75 sm glz3s tubes were added 0.40 mL buffer (phosphate-buffered

saline, pH 7.2, containing 0.1% w/v BSA), 0.010 =L radioligand,® 6.107 aL
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inhibitor solution and 0.050 mL antiserum dilution. For ench assay binding
was measured in the absence of added inhibitor, and noI--pecitic binding was
measured in the absence of serum and in the presence of normal rabbit serum.
Tubes were capped, vortexed and incubated overnight at | 4°C. Charcoal suspen-
sion (0.50 mL per tube @ 15.8 mg/mL in buffer) was added and tubes were
capped, vortexed, incubated for 20 min at 4°C and then centrlfugedlfor 10 min_
at 80C x g. One-half aL of supernatant was removed froa each tube and thor-
oughly mixed with 10 aL of scintillation fluid (Scinti | Verse II, Fisher Scien-
tific Company). Sa-plqs were counted in a Packard Tri-<Carb 460 CD liquid
scintillation counter. |
®For use in the RIA, an aliquot of radioligand solution in toluene was

removed, evaporated to dryness using N, gas, and redissclved in a small volume

2
of 95% ethanol. The radioligand/ethanol solution was diluted in buffer (phos-
phate buffered saline, pH 7.2, cont=ining 0.1% w/v bovlnellerul albu-in) 80
that 0.010 =L of radioligand solution contained approximately 20,000 cpm of

radioactivity.
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